A simple and sensitive specrophotometric method combined with solid-phase extraction (SPE) for the simultaneous determination of sodium linear-dodecylbenzenesulfonate (DBS) and sodium dodecyl sulfate (SDS) is described. The C2 (ethyl group bonded silicagel) cartridge could be repeatedly used more than 500 times for SPE, and it enabled the anionic surfactants to be concentrated by 50-fold. The calibration graph for DBS was linear in the range from 1:6 Â 10 À8 M to 5:0 Â 10 À7 M and for SDS from 2:0 Â 10 À9 M to 3:0 Â 10 À7 M. The relative standard deviation (n ¼ 5) for 5:0 Â 10 À7 M DBS was 3.1% and for 2:5 Â 10 À7 M SDS was 1.7%. The proposed method was applied to the simultaneous determination of DBS and SDS in river-water samples.
The Concentrations of most anionic surfactants in an aquatic environment are usually determined by extraction spectrophotometric methods so that the anionic surfactants form ion associates with such cationic dyes as methylene blue 1) and ethyl violet. 2) These methods provide high sensitivity based on a considerable concentration by solvent extraction. However, tedious procedures, toxicity and post-treatment of the organic solvents are drawbacks with the methods.
The inherent safety, high selectivity and simple procedure have led to solid-phase extraction (SPE) methods being developed for more than two decades. Some procedures for separating anionic surfactants by SPE have been reported. [3] [4] [5] [6] Organic solvents are necessary, in order to elute the absorbed anionic surfactants from solid phase. The amount of an organic solvent can be reduced with SPE compared to that required with solvent extraction.
We have reported the simultaneous determination of SDS and DBS with 1-stearyl-4-(4-aminonaphthylazo)-pyridinium bromide (SAPB) 7) by spectrophotometry. The range for determining DBS and SDS was 10 À6 to 10 À7 M (1M = 1 mol dm À3 ). As this method does not employ a concentrating procedure with solvent extraction, the limit of detection for an environment sample was insufficient to determine the small amounts of anionic surfactants in a river-water sample.
We report in the present paper a very sensitive spectrophotometric method combined with SPE for the simultaneous determination of a 10 À8 M level of DBS and SDS in river water by using SAPB.
Chemicals. 1-Stearyl-4-(4-aminonaphthylazo)-pyridinium bromide (SAPB) was synthesized as previously described, 8) and a working solution was prepared by dissolving an appropriate amount in ethanol to give 2:0 Â 10 À4 M PAPB. This solution remained stable and could be used for at least six months when stored in a refrigerator. DBS (Wako Pure Chemicals Ind., >99:0% purity) and SDS (Wako Pure Chemicals Ind., >99:3% purity) were dissolved in distilled water to give 2:0 Â 10 À3 M stock solutions. Working solutions were prepared weekly. A citrate buffer solution (pH 6.8) was prepared by mixing aqueous 0.1 M citric acid and 0.1 M trisodium citrate solutions. Polyoxyethylene(10)octylphenyl ether (TritonX-100; Sigma Chemicals Co.) was used without any modification, and dissolved in water to give a 0.4% concentration.
All of the reagents were of analytical grade, and deionized distilled water was used throughout the experiments.
Apparatus. Spectral measurements and absorbance readings were carried out with a double-beam recording spectrophotometer (Shimadzu UV-2200) using both 1-cm glass cells and 1-cm glass micro-cells. The eluent was evaporated by a dry block bath (As One EB-303).
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Solid-phase extraction cartridge. Regular bond-elute reversed-phase C18, C8, C2, PH and CH cartridges (GL Sciences, Tokyo, Japan) were examined for the solidphase extraction (SPE) process. Each of the C18, C8, C2, PH and CH cartridges was packed with 100 mg of octadecyl-, octyl-, ethyl-, phenyl-and cyclohexyl-group bonded silicagel. These SPE cartridges were successively washed with 4 ml of methanol and 1 ml of distilled water before use.
Analytical procedure. In order to remove the suspended materials from the river-water samples, they were passed through a membrane filter (0.45 m). Of the obtained filtrate, the first 100 ml was kept aside, and the rest was used for determining the anionic surfactants. Up to 50 ml of a sample was passed through the C2 cartridge by using an SPE suction manifold. The extracted anionic surfactants were then eluted with 1.5 ml of a 50% methanol solution into a new test tube, and the eluate was evaporated by a dry block bath. After adding 0.5 ml of distilled water, the solution was sonicated in order to dissolve the dried anionic surfactants. A 0.2-ml amount of the citrate buffer (pH 6.8), 0.04 ml of the TritonX-100 solution and 0.02 ml of the SAPB solution were then added to the test tube in this order. TritonX-100 was added as a stabilizer for the formed ion associates of the anionic surfactants. The final volume of the solution was made up to 1 ml with distilled water. After standing for 10 min, the absorbance was measured at 422 nm (DBS) and 442 nm (SDS) in a 1-cm glass micro-cell against distilled water as the references. The spectrophotometric procedure was performed at a 5-fold scale to obtain fundamental information for this analysis.
Conditioning and washing of the SPE cartridge. All hydrophobic groups on the solid phase were activated by 4 ml of methanol, and then 1 ml of water was added to the cartridge to remove methanol remaining in the cartridge. When 2 ml of the 5:0 Â 10 À6 M DBS solution or 2:5 Â 10 À6 M SDS solution was passed through the five kinds of SPE cartridge, no DBS or SDS was detected in the eluate and washing solution, indicating that the SPE cartridges studied here could completely extract DBS and SDS. The residual sample water was washed out with 5 ml of distilled water.
Effect of the sample volume and effect of the concentration of methanol as the eluent. The effect of the sample volume on the extractability of the SPE cartridges was studied. From 2 to 200 ml of each solution containing 1:0 Â 10 À8 mole of DBS or 5:0 Â 10 À9 mole of SDS was passed through each cartridge. The extracted DBS and SDS were eluted by 1.5 ml of methanol, and were then determined by the spectrophotometric method. The results are shown in Table 1 . The recovery of DBS by the C18 and C8 cartridges was lower than by the others, and complete recovery was obtained by increasing the volume of the eluent to 3 ml. This was because DBS is more hydrophobic than SDS, DBS being adsorbed to the C18 and C8 cartridges. The equilibrium constant for SDS is so large that the functional groups of SPE did not affect the recovery of SDS. These results indicated that all the SPE cartridges studied could extract the anionic surfactants from 200 ml of an artificial water sample, and that both DBS and SDS extracted by the C2, CH and PH cartridges were completely eluted by 1.5 ml of methanol.
Effectiveness of the SPE cartridge. Three kinds of unknown coexisting substance interfered with the determination of the anionic surfactants in river water. Both the absorbance of the DBS and SDS ion-associate were overlapped by the broad peak absorbance of the first unknown coexisting substance. When the C2, CH or Table 1 . Effect of the Sample Volume on the Solid-phase Extraction of DBS (A) and SDS (B) by the SPE Cartridges A; From 2 ml to 200 ml of each solution containing 1:0 Â 10 À8 mole of DBS was passed through each cartridge. After eluting the extracted DBS with 1.5 ml of methanol, DBS was determined by the spectrophotometric method.
B; From 2 ml to 200 ml of each solution containing 5:0 Â 10 À9 mole of SDS was passed through each cartridge. After eluting the extracted SDS with 1.5 ml of methanol, SDS was determined by the spectrophotometric method. PH cartridge was used, it was possible to leave the first unknown substance on the adsorbent and to elute both DBS and SDS by using 1.5 ml of 50% methanol as the eluent. The remaining first unknown substance was removed by subsequent conditioning of the cartridge with 4 ml of methanol. When more than 50 ml of river water was examined, the second unknown substance prevented the added DBS and SDS from being quantitatively recovered. The reason why the recovery was not complete is not known. Therefore, up to 50 ml of river water was used for determining the anionic surfactants. The third unknown substance was a green material that was adsorbed to the top of the adsorbent bed. It gradually fell with increasing use of SPE. If it was eluted from the cartridge into the test tube, the cartridge had to be renewed. The fall rate of the green band was the lowest, when the C2 cartridge was used for SPE. This cartridge enabled the anionic surfactants to be concentrated by 50-fold from river water and could be reused more than 500 times. The C2 cartridge was therefore used for SPE in the subsequent experiment. Calibration graphs. The calibration graph obtained by the proposed analytical procedure shows a favorable linear relationship over the concentration range from 1:6 Â 10 À8 M to 5:0 Â 10 À7 M for DBS (R 2 ¼ 0:9975) and from 2:0 Â 10 À9 M to 3:0 Â 10 À7 M for SDS (R 2 ¼ 0:9966) with SPE when using 50 ml of the river-water sample. The reproducibility of the procedure was evaluated by measuring five artificial samples with 5:0 Â 10 À7 M DBS and 2:5 Â 10 À7 M of SDS. The relative standard deviation values for DBS and SDS were 3.1% and 1.7%, respectively.
Applications. The concentration of anionic surfactants such as DBS and SDS in river water could be easily and sensitively determined by the proposed method. The absorption spectra obtained from the river water are shown in Fig. 1 . Only DBS was detected in the riverwater sample. Table 2 shows the results obtained by the procedure just described. The recoveries for 0.1 ml of 1:0 Â 10 À6 M DBS and 5:0 Â 10 À7 M SDS were 96-110% and 92-103%, respectively. The results indicate that this simple and highly sensitive method can be successfully employed for the simultaneous determination of low levels of DBS and SDS in river water. (1) and in River Water Containing Added DBS (2) and SDS (3). After removing the suspended matter from the river-water sample by passing through a membrane filter (0.45 m), 20 ml of river water (1), 20 ml river water with 1.0 ml of 1:0 Â 10 À6 M DBS (2) or 20 ml of river water with 1.0 ml of 0:5 Â 10 À6 M SDS (3) was passed through the SPE cartridge (C2). The extracted DBS and SDS were eluted by 1.5 ml of a 50% methanol solution, and then the absorption spectra were measured by the described procedure. Table 2 . Determination of DBS and SDS in River-water Samples Suspended matter in each river-water sample was removed by passing through a membrane filter (0.45 m). Each water sample was then passed through the SPE cartridge (C2). After eluting the extracted DBS and SDS with 1.5 ml of a 50% methanol solution, DBS and SDS were determined spectrophotometrically.
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